Combined association of insufficient physical activity and
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ABSTRACT
BACKGROUND: The magnitude of economic losses attributed to sleep problems and insufficient physical
activity (PA) remains unclear. This study aimed to investigate the association between insufficient PA, sleep
problems, and direct healthcare costs.
OBJECTIVE: To investigate the association between insufficient physical activity (PA), sleep problems, and
direct healthcare costs among adults.
DESIGN AND SETTING: Adults aged > 50 years attended by the Brazilian National Health Service were
tracked from 2010 to 2014.
METHODS: Direct healthcare costs were assessed using medical records and expressed in USS. Insuffi-
cient PA and sleep problems were assessed through face-to-face interviews. Differences were identified
using the analysis of covariance and variance for repeated measures.
RESULTS: In total, 454 women and 166 men were enrolled. Sleep problems were reported by 28.9%
(95%Cl: 25.2% to 32.4%) of the sample, while insufficient PA was reported by 84.8% (95%Cl: 82.1% to
87.6%). The combination of sleep problems and insufficient PA explained 2.3% of all healthcare costs spent
on these patients from 2010 to 2014, which directly accounts for approximately US$ 4,765.01.
CONCLUSION: The combination of sleep problems and insufficient PA plays an important role in increas-
ing direct healthcare costs in adults. Public health stakeholders, policymakers, and health professionals can
use these results to reinforce the need for strategies to improve sleep quality and increase PA, especially in
nations that finance their National Health Systems.

INTRODUCTION

The prevalence of sleep problems (e.g., obstructive sleep apnea, insomnia, and snoring) in adults
is high worldwide,'* which is concerning due to its association with the development of many
diseases.* The epidemiological background, which is characterized by a high prevalence of the
outcome and an association with diseases, supports a relevant economic burden attributed to
sleep problems.’ In fact, primary care costs for medicines are 75% higher in Brazilian adults who
report severe sleep difficulties than in those who report normal sleep,® while the total healthcare
costs related to sleep problems and attributed conditions in Australia reached US$ 655.5 mil-
lion in 2019-2020.°

Similar to sleep problems, insufficient physical activity (PA) is also a common outcome among
adults and is associated with the development of many diseases and increased healthcare costs.”®
Figures indicate that insufficiently active adults spend 40% more on healthcare costs than suffi-
ciently active adults, while potential savings on direct healthcare costs attributed to sufficient PA
range from US$ 500 million to US$ 1.6 billion per year in Australia and Canada, respectively.”’
The association between PA and health outcomes varies depending on context. While overall and
leisure-time PA generally have positive effects on health outcomes, PA during work may have
less favorable effects, a phenomenon known as the PA paradox.

Although have substantial impacts on healthcare costs among adults, it is not yet clear whether
the combination of both boosts economic losses. We hypothesize that the coexistence of sleep
problems and insufficient PA may have an additive effect on healthcare costs in adults. This effect
would suggest that the simultaneous presence of both risk factors—poor sleep and low PA—

could result in healthcare costs that exceed the sum of their individual impacts. This potential
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synergistic effect is particularly relevant considering the associa-

tion between sleep problems and insufficient PA.!*!!

OBJECTIVE

The present study sought to investigate the association of com-
bined insufficient PA and sleep problems with direct healthcare
costs in adults during a four-year follow-up.

METHODS

Sample

This longitudinal study is part of an ongoing cohort study that
began in 2010, and included adults from the Brazilian National
Health Service, in the city of Bauru, state of Sdo Paulo, Brazil.
The study was approved by the Ethics Committee of the
Universidade Estadual Paulista (UNESP) (process number
1046/46/01/10 date 08/24/2010).

In terms of sampling, the city of Bauru is a middle-sized city
(~ 410,000 inhabitants in 2018 and human development index of
0.801) located in the most industrialized Brazilian state. In Brazil,
the Brazilian National Health Service offers free-of-charge health
services at all levels (primary, secondary, and tertiary) to all citi-
zens (even foreign citizens legally living in Brazil have full access
to these services). All primary care services are offered in small-
to-medium-sized medical facilities, called Basic Health Units,
which cover all residents living in the surrounding neighborhood.
In 2010, Bauru had 17 Basic Health Units spread out in the met-
ropolitan region of the city (only 5% of all citizens live in rural
areas). The largest (number of patients) Basic Health Unit in each
geographical region of the city (west, east, north, south, and cen-
ter) was selected to participate in the cohort study.

Random selection was carried out in each selected Basic Health
Unit according to the following inclusion criteria: i) registered
for at least one year in the Basic Health Unit, ii) > 50 years old,
iii) an active registry (at least one consultation in the previous
6 months), and iv) signing the consent form to participate in the
study. Participants who fulfilled all inclusion criteria were con-
tacted by phone and invited to participate (face-to-face interviews
and physical evaluations were scheduled for those who accepted
the invitation). The minimum sample size to start this longitudi-
nal study required 958 participants, which considered the follow-
ing: 1) 60% of all Brazilians exclusively used the Brazilian National
Health Service, ii) error of 3.8%, iii) alpha error of 5%, and iv)
sample increased by 50% due to cluster sampling. During the sam-
pling process, 4,209 participants had at least one consultation in
the last 6 months (west [n = 796], east [n = 402], north [n=1,212],
south [n = 718], and center [n = 1,081]), 1,915 (double the mini-
mum required to protect against losses) were randomly selected/
contacted (west [n = 395], east [n = 287], north [n = 416], south

[n = 404], and center [n = 413]), and the final sample was com-
posed of 963 participants (west [n = 195], east [n = 193], north
[n= 193], south [n = 189], and center [n = 193]), which represents
50.2% of all contacted potential participants (Figure 1).

The minimum sample size was calculated considering expected
differences in healthcare costs according to the presence of sleep
problems (US$ 10.00 higher in adults with sleep problems)® and
insufficient PA (US$ 13.00 higher in insufficiently active adults).'?
In all simulations for the minimum sample size, the statistical
power (80%) and significance (Z = 1.95 [5%]) were standardized.
Considering sleep problems, the minimum sample size required
was 279 participants (93 in each group), whereas for insufficient
PA, the minimum sample size was 366 participants (122 in each
group). Additionally, the minimum calculated sample size was
increased by 50% as a result of the inclusion of covariates in the
multivariate models, and reached n = 418 and n = 549 participants
for sleep problems and insufficient PA, respectively. Thus, the min-

imum sample size estimated for the present study was 549.

Direct healthcare costs

Direct healthcare costs from 2010 to 2014 were assessed using
medical records. The Brazilian National Health Service rec-
ommends that health professionals register all procedures per-
formed during consultations, including but not limited to blood
tests, vaccines, and drug prescriptions. Drugs prescribed during
medical consultations are collected from the pharmacy in the
Basic Health Unit. All healthcare services are free of charge to

the patient. Each patient authorized access to the medical records

Medical consultation in the
last 6 months

(n=14209)

Not randomly selected by the
software (n = 2294)

Participants randomly selected
and attempt to contact by
telephone

(n=1915)

Did not reply to the contact (n = 236)
Incorrect telephone (n = 368)
Refused to participate (n = 170)

Did not show up in the assessment (n = 178)

Participants of the baseline
(n=963)

%

Participants after 4 years of
follow-up
(n=620)

Did not reply to the contact (n =200)
Refused to participate (n = 84)
Death (n=59)

Figure 1. Flow diagram of participants.



and the Department of Health of Bauru provided the direct cost
of each service (e.g., medical consultation, medicine taken by the
patient, exams, vaccines). Total direct healthcare costs from 2010
to 2014 were calculated in the Brazilian currency (Real [R$]) and
then converted to American Dollars (US$) using the official aver-

age exchange rate (adjusted for the inflation rate of the period).*"?

Sleep problems

The Brazilian Portuguese version of the Mini-sleep Questionnaire
was used to assess sleep problems.' This questionnaire was
inserted in the cohort in 2014 and comprises 10 questions
assessed on a 7-point Likert scale (never-1, almost never-2,
rarely-3, sometimes-4, often-5, very often-6, always-7) to evaluate
different sleep aspects (sleepiness, insomnia, snoring, difficulty
getting to sleep, and waking up during the night). Although the
Mini-Sleep Questionnaire is a short questionnaire, it consists of
two sub-scales that investigate sleep problems and daytime sleep-
iness. The questionnaire generates a numerical score ranging
from 10 to 70 (10-24 for good sleep, 25-27 for mild sleep diffi-
culties, 28-30 for moderate, > 30 for severe). In the present study,

sleep problems were defined as a score > 25.

Insufficient PA

The Brazilian Portuguese version of the Baecke questionnaire
was administered during interviews in 2010, 2012, and 2014."
This questionnaire comprises 16 questions with responses
rated on a 5-point Likert scale (never, seldom, sometimes, very
often, and always) and addresses PA in three domains: occupa-
tional, sports participation in leisure-time, and active commut-
ing. Only data from sports participation in leisure-time were
considered for this study. We specifically selected the leisure-
time domain due to its strong and well-documented associa-
tion with health outcomes. This domain has been recognized as
a reliable proxy for general PA levels and exhibits a direct cor-
relation with the lifestyle factors under investigation. First, the
section considers one yes/no question regarding sports partici-
pation. Participants who answer “yes” are then asked additional
questions (intensity [light, moderate or vigorous], weekly volume
[< 1h/week; 1-2h/week; 2-3h/week; 3-4h/week; > 4h/week],
and previous time of engagement [< 1 month; 1-3 months;
4-6 months; 7-9 months; > 9 months]). In line with previous
publications,'® sufficiently active participants were those who
reported a minimum of 180 minutes per week (either 3-4 h/week
or > 4h/week) of moderate-to-vigorous PA over the previous four
months (either 4-6 months, 7-9 months, or > 9 months) in 2014.

Combination of sleep problems and insufficient PA
Finally, seeking a combined variable that includes sleep problems

and insufficient PA, the sample was divided into three groups:

i) None (Sufficient PA + No sleep problems [n = 82]), ii) Only
one (either Sufficient PA + Sleep problems [n = 12] or Insufficient
PA + No sleep problems [n = 361], [n = 373]), and iii) Both
(Insufficient PA + Sleep problems [n = 165]).

Covariates

For all covariates, the baseline values were adopted. Sex, age,
diagnosis of Type 2 diabetes mellitus, arterial hypertension, and
any dyslipidemia were assessed during the face-to-face interview.
Body mass index (BMI, kg/m?) was calculated using body weight
(kg) and height (cm) and classified as normal (< 25 kg/m?), over-
weight (= 25 - < 30 kg/m®), and obese (= 30 kg/m?). A score
for economic condition was generated using a standardized
Brazilian questionnaire.'” Smoking status (never, former, and

current smoker) was assessed during the face-to-face interview.

Statistical analysis

Descriptive statistics included mean, median, standard devia-
tion (SD), and 95% confidence interval (95%CI). The chi-square
test was used to analyze the association between categorical data,
and partial correlations were performed to analyze the relation-
ships between variables. Analysis of covariance (ANCOVA) was
used to compare healthcare costs among the three groups cre-
ated by combining sleep problems and insufficient PA (mod-
els were adjusted for all covariates). The measures of effect size
were expressed as eta-squared (ES-r) values. For the ANCOVA,
Levene’s test was used to assess the assumption of homogene-
ity of variances, which was considered satisfactory (P > 0.05).
Repeated-measures analysis of variance (ANOVA) was used to
assess changes in healthcare costs over the four years of follow-
up according to the three groups. The assumption of spheric-
ity was tested using Mauchly’s test, and the Greenhouse-Geisser
approach was used as a correction factor and was considered
satisfactory. Interaction analysis was conducted to identify the
joint effect of sleep problems and insufficient PA on healthcare
costs. To this end, healthcare costs were categorized consid-
ering the 90" percentile as the main outcome (an outcome of
10% was selected because odds ratio [OR] and relative risk are
similar when the prevalence of the outcome is < 10%) and its
association with the combination of sleep problems and insuf-
ficient PA tested (P = 0.001). The OR for each category was esti-
mated (None [OR ], OR = 1.0; Sufficient PA + Sleep problems
[OR, ], OR = 1.750; Insufficient PA + No sleep problems [OR, ],
OR =1.842; Insufficient PA + Sleep problems [OR,,], OR = 3.277).
Sinergy index ([OR, - 1] / {[OR, - 1] + [OR, - 1]}) and the
proportion of the joint effects of both exposures (sleep prob-
lems and insufficient PA) attributed to interaction on healthcare
costs were calculated ([OR, - OR,; - OR + OR ] / OR-1)."®

A synergy index > 1.0 denotes positive additive interaction.'®



The level of significance was set at P < 0.05 and the Stata software
(StataCorp LLC,, College Station, Texas, United States, version

16.0) was used to perform all analyses.

RESULTS
A total of 963 participants were initially evaluated. After four years,
343 dropouts were recorded (due to deaths, impossible to contact
the participant, desire to quit the study). Therefore, 620 participants
were included in the present analysis (73.2% women; n = 454).
Sleep problems were reported by 28.9% (95%CI: 25.2% to 32.4%)
of the sample, while insufficient PA was reported by 84.8% (95%ClI:
82.1% to 87.6%). From 2010 to 2014, the overall healthcare costs
spent by the government on these patients reached US$ 207,174.60
(median of US$ 212.14 per patient). Participants with both sleep
problems and insufficient PA presented lower economic conditions
(P =0.006), whereas the coexistence of both was associated with the
female sex (P = 0.001) and obesity (P = 0.009) (Table 1).

Specific questions in the Mini-Sleep Questionnaire revealed that
the use of hypnotic medications (r = 0.116), falling asleep during
the day (r = 0.114), snoring (r = 0.093), excessive daytime sleepi-

were associated with higher healthcare costs (Table 2). By contrast,
higher intensity, weekly volume, and previous time of engagement
in PA were related to lower healthcare costs.

The combination of sleep problems and insufficient PA
explained 2.3% of all healthcare costs spent on these patients
from 2010 to 2014, which directly account for approximately
US$ 4,765.01. Adults who are insufficiently active and with sleep
problems had the highest healthcare costs, whereas adults with
either insufficient PA or sleep problems and those with neither
outcome had similar costs (Figure 2, Panel A). In this multivari-
ate model, the diagnosis of diabetes mellitus increased healthcare
costs by approximately 2.5%.

When compared to those with no sleep problems and suffi-
cient PA, adults with both sleep problems and insufficient PA pre-
sented higher healthcare costs throughout the follow-up period
(P =0.001) (Figure 2, Panel B).

Interaction analysis identified a synergy index of 1.8 (> 1.0,
denoting positive additive interaction), while the proportion of
the joint effects of sleep problems and insufficient PA attributed

to interaction on healthcare costs reached 30.1%.

ness (r = 0.085), and excessive movement during sleep (r = 0.114)
DISCUSSION
This four-year longitudinal study established that the coexistence
Table 1. General information according to the presence of sleep
problems and insufficient physical activity (Bauru, Brazil; n = 620)

of sleep problems and insufficient PA increased direct healthcare
costs in adults.
Sleep problems and Insufficient

physical activity

None Only one Both Table 2. Relationship between healthcare costs and questions
(n=82) (n=373) (n=165) regarding sleep and physical activity among adults (Bauru,
Continuous Mean (SD) Mean (SD) Mean (SD) P value Brazil; n = 620)
Age (years) 63.9(7.2) 65.1(9.1) 642(85) 0405 Dependent variable:
Body weight (kg) 70.8 (16.1) 73.2(14.9) 75.8(17.3) 0.050 Healthcare costs
Height (cm) 157.9 (20.1) 157.4(11.8) 155.7 (7.8) 0.294 2010-2014
EC (score) 20.1 (6.4) 18.4 (5.5)? 17.7 (5.5)2 0.006 Independent variables Partial P value
Categorical (n [%]) Correlation (r)*
Sex 0.001 Mini-sleep Questionnaire
Male 31(37.8%) 110 (29.5%) 25 (15.2%) Difficulty falling asleep 0.033 0.422
Female 51 (62.2%) 263 (70.5%) 140 (84.8%) Waking up too early 0.024 0.550
Smoking 0.448 Hypnotic medication use 0.116 0.004
Never 37 (45.1%) 210 (56.3%) 98 (59.4%) Falling asleep during the day 0.114 0.005
Former 39 (47.6%) 124 (33.2%) 43 (26.1%) Feeling tired upon waking up in 0.058 0.150
Current 6 (7.3%) 39 (10.5%) 24 (14.5%) the morning
BMI 0.009 Snoring 0.093 0.022
<25 kg/m? 19 (23.2%) 66 (17.7%) 23 (13.9%) Mid-sleep awakenings 0.011 0.791
25.0 - 29.9 kg/m? 37 (45.1%) 150 (40.2%) 62 (37.6%) Headaches on awakening 0.043 0.294
>30.0 kg/m? 26 (31.7%) 157 (42.1%) 80 (48.5%) Excessive daytime sleepiness 0.085 0.036
Diseases Excessive movement during sleep 0.114 0.005
DM (yes) 22 (26.8%) 98 (26.3%) 55 (33.3%) 0.284 Baecke questionnaire
AH (yes) 61 (74.4%) 295 (79.1%) 136 (82.4%) 0.142 Intensity -0.100 0.013
DLP (yes) 27 (32.9%) 125 (33.5%) 67 (40.6%) 0.234 Weekly volume -0.109 0.007
SD = standard deviation; BMI = body mass index; EC = economic condition; Previous time of engagement -0.106 0.009

DM = diabetes mellitus; AH = arterial hypertension; DLP = dyslipidemia;
a = denotes significant difference (P < 5%) compared to “None!

* Correlation adjusted by sex, chronological age, economic condition,
body mass index, arterial hypertension, diabetes mellitus, and dyslipidemia.



2P < 0.05 compared to None. ® P < 0.05 compared to Just One.
PANEL A: Analysis of covariance: Insufficient PA and Sleep problems
(P =0.001; Eta-squared 0.023 [2.3%]). Covariates (P value [eta-
squared in %]): Sex (P = 0.677 [<0.1%]), BMI (P = 0.278 [0.2%]),
Economic condition (P = 0.871 [<0.1%)]), Smoking (P = 0.377 [0.1%]),
Health care Costs in 2010 (P = 0.001 [48.7%]), Arterial hypertension
(P =0.479 [0.1%)]), Diabetes mellitus (P = 0.001 [2.5%]), Dyslipidemia
(P =0.066 [0.6%]). PANEL B: Analysis of variance for repeated
measures (P value): Time (P =0.051), Group (P = 0.001), Time x Group
(P=0.077).

Figure 2. Amount of health care costs from 2010 to 2014
according to the combination of sleep problems and
insufficient physical activity (Bauru, Brazil; n = 620).

Sleep problems and insufficient PA were frequently identified
outcomes in our participants, which is similar to previous studies*"
and highlights the relevant problem that both outcomes present
in modern society. Obesity and female were variables associated
with the coexistence of sleep problems and insufficient PA. In the
case of obesity, this finding is not surprising, especially because
obesity is frequently associated with lower PA and a higher occur-
rence of sleep problems.'”?” Regarding sex, menopause tends to
have a detrimental impact on women’s body composition,*' while
aging is related to reductions in PA in women.’ Thus, women
over 50 years of age present a group that is potentially exposed to

the harmful combination of insufficient PA and sleep problems,

and thus, actions should be focused on preventing these behav-
iors among them.

Regarding PA, all the components assessed using the Baecke
questionnaire were similarly related to healthcare costs in terms of
direction and magnitude. In terms of direction, previous studies
have documented the potential of PA in the mitigation of direct
healthcare costs in primary care.”* Regarding magnitude, the miti-
gation role attributed to PA seems to be of small magnitude, below
3%.7% The low effect size attributed to the relationship between PA
and healthcare costs may be explained, at least in part, by the fact
that it is not a direct relationship but is mediated by the impact of
PA on other variables that affect healthcare costs, such as obesity,
mental health, and chronic diseases. Although the relationship
between PA and healthcare costs is not large in terms of magni-
tude, it has been proven to be economically relevant, especially
when considered at the population level.””

Regarding sleep problems, an additional analysis considering
all the questions covered by the Mini-Sleep Questionnaire revealed
that the most relevant questions related to healthcare costs were
those that assess snoring, excessive daytime sleepiness, and the
use of hypnotic medicine. The burden of hypnotic medicines on
healthcare costs is not a surprise given the increased popular-
ity of this kind of medicine among adults with sleep problems.?
Even so, the identification of snoring and symptoms of excessive
sleepiness as determinants of healthcare costs was an interesting
finding. Snoring and excessive sleepiness are frequently diagnosed
symptoms in adults with obstructive sleep apnea,” which is the
most common sleep problem diagnosed in adults and is respon-
sible for substantial economic losses.” In fact, our study did not
assess obstructive sleep apnea (which is a limitation); however,
it is reasonable to believe that the observed relationships may be
explained by this condition, at least in part.

Our findings revealed that the coexistence of sleep problems
and insufficient PA was associated with increased healthcare
costs in adults, while this impact was more tangible than that
observed on the isolated manifestation of either variable (inter-
action analysis identified that healthcare costs were impacted in
30% due to the combination of both variables), thereby denoting
both variables are potentially harmful to economic maintenance
of Brazilian National Health Service. Sleep problems and insuffi-
cient PA accounted for 2.3% of all variances in healthcare costs.
This figure initially seems small, but is similar to the burden of
obesity on healthcare costs in Canada’ and of hospitalizations
in Brazil, for example.”® Moreover, at the population level (with
36,894,000 adults = 50 years old in Brazil who exclusively use the
Brazilian National Health Service for health assistance® and a
median healthcare cost of US$ 212.14 from 2010 to 2014), and
assuming there is a causal relationship in our analyses, a mitiga-

tion of 2.3% on direct healthcare costs would represent a saving
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of US$ 180 million in primary care services from 2010 to 2014
among adults aged > 50 years.

Public health stakeholders, policymakers, and health profes-
sionals can use these results to reinforce the need for strategies to
improve sleep quality and increase PA levels, especially in nations
financing National Health Systems similar to Brazil (e.g., Australia,
Canada, and the United Kingdom). Future clinical trials should
investigate whether changes in these behaviors would mitigate
healthcare costs at secondary/tertiary levels, as well as indirect
costs, especially in a post-pandemic scenario during which both
variables were severely affected.”

The study has the following limitations. Although the ques-
tionnaires used to assess both insufficient PA and sleep prob-
lems in our sample have been previously validated, widely used
in epidemiological studies, and applied by trained researchers, the
non-objective measures of PA and sleep may be considered rele-
vant limitations. This aspect seems relevant because both the rela-
tionships between PA and sleep and between PA and costs seem
to be affected by intensity and sleep patterns,'** which are easier
to measure using objective methods. Physiological pathways link-
ing diet and sleep problems exist, such as synthesis of serotonin
and melatonin, and thus, the absence of diet control constitutes a
limitation of our study. Our economic figures are probably under-
estimated because only primary healthcare costs were assessed,
while indirect costs (e.g., absenteeism) and healthcare costs at
secondary and tertiary levels (e.g., hospitalizations, surgeries) are
also affected by PA and sleep problems but were not included in
our analyses. Owing to the small sample size of patients with sleep
problems and sufficient PA (n = 12), we were unable to split the
“Only one” group. Consequently, the results should be interpreted
with caution as they may not be generalizable to the broader pop-
ulation. Finally, although this is a longitudinal study, we are not
able to infer causality for healthcare costs, mainly because sleep

problems were not assessed at all time-points of data collection.

CONCLUSION
In summary, our findings suggest that the combination of sleep
problems and insufficient PA plays an important role in increas-

ing direct healthcare costs among adults.
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